ABSTRACT In the United States, despite substantial investment in public health initiatives to promote early detection of breast cancer through screening mammography, the proportion of female breast cancers that have advanced beyond the localized stage by the time of diagnosis remains high. Our objective in this exploratory study was to investigate whether stage of breast cancer at diagnosis among Chicago residents is associated with characteristics of the neighborhoods in which proximate mammography facilities are located. Those characteristics may influence likelihood of utilizing the service routinely and partly explain differences in stage at diagnosis. We used a retrospective cohort design and combined 3 years of data from the Illinois State Cancer Registry (ISCR) with information on locations of mammography facilities, public transportation service, crime, and area demographic and economic characteristics. Using a Geographic Information System (GIS), we identified the five facilities located nearest to each case's residence. Estimates of the association between characteristics of mammography facility locations and breast cancer stage at diagnosis were obtained using the partial proportional odds regression model. We found that the number of homicides in areas in which the nearest mammography facilities were located was associated with increased odds of later stage diagnosis. This effect was independent of age, race, and residential area education and income. We found no effect on stage of distance, public transportation service, or measures of neighborhood social similarity. The "spatial dynamics" of health may involve geographies beyond the immediate neighborhood. The results of our study suggest that areas in which the nearest mammography facilities are located may be one such geography. We hope that this study will spark research interest in the impact of health service locations on utilization.
INTRODUCTION
For women who have breast cancer, stage of disease at diagnosis is a powerful determinant of survival. For example, the most recent data from the United States' Surveillance, Epidemiology, and End Results (SEER) Program indicate that 5-year relative survival rates among women whose breast cancer is diagnosed while in the localized stage are nearly four times greater than those of women who have distant metastases at the time of diagnosis (98.3 vs. 27.5%). 1 The percentage of breast cancers in the U.S. that are diagnosed while still localized has increased over the last 30 years but remains suboptimal at 63% overall and 52% among African American women. 1 The excess morbidity and mortality burden associated with later stage diagnosis is substantial.
U.S. public health policy promotes early detection of female breast cancer through periodic mammography. 2 Despite substantial investment in this strategy to reduce breast cancer mortality, mammography remains underutilized and recent evidence suggests screening rates have actually declined since 2000. [3] [4] [5] Reasons for underutilization remain incompletely understood. Studies have principally focused on individual factors such as financial access (i.e., health insurance), having an established relationship with a physician or place of care, and cultural or linguistic hurdles. Recent research has brought attention to the influence of place on health and has increased awareness of the importance of considering contextual factors in studies of individual behavior. [6] [7] [8] [9] [10] This line of research has rarely been extended to the effects of specific features of the urban environment on preventive service utilization.
Our objective in this exploratory study was to address these gaps in information by investigating whether characteristics of mammography facility locations are associated with stage at diagnosis among Chicago residents with breast cancer. We focused on the spatial accessibility of mammography facilities and on the social environments of neighborhoods in which proximate facilities were located as factors that potentially influenced stage of breast cancer at diagnosis through their association with mammography utilization. Following the example of other investigators, we used stage as a surrogate measure of periodic screening mammography utilization. [11] [12] [13] [14] [15] Our central hypothesis was that factors such as travel distance and public transportation service, safety of neighborhoods surrounding facilities, and the degree to which those neighborhoods are socially and economically similar to one's own neighborhood influence likelihood of utilizing the service and, accordingly, stage of cancer at the time of diagnosis. Though not directly tested here, these factors may alter the perceived risk/benefit ratio or desirability of the service and, together with other factors such as insurance status and receiving a physician's recommendation, influence likelihood of obtaining periodic screening.
MATERIALS AND METHODS
We used a retrospective cohort design and combined 3 years of data from the Illinois State Cancer Registry (ISCR) with information on locations of mammography facilities, public transportation service, crime, and area demographic and economic characteristics. Estimates of the association between characteristics of mammography facility locations and breast cancer stage at diagnosis were obtained using the partial proportional odds regression model. [16] [17] [18] Setting and Sample Non-Hispanic white (NHW), Non-Hispanic African American (NHAA), and Hispanic women age 45 years and older living in Chicago and diagnosed with breast cancer between 1996 and 1998 comprised our study sample. We excluded younger women since, following guidelines for screening mammography (beginning at age 40), they would not yet have been old enough to have established a pattern of "regular" screening mammography use. The ISCR database contained 4,936 cancer cases meeting these gender, age, and time period criteria. After exclusions due to missing information on stage (349 cases) and socioeconomic position variables (54 cases), our analytic sample numbered 4,533.
Data Sources and Measures
Stage at diagnosis Data obtained from ISCR provided clinical information about the progression of the cancer at the time of diagnosis. The SEER Summary Stage schema summarizes information on the extent to which the cancer has spread into nine categories: in situ, localized, regional (in four subgroups), distant, and unstaged or unknown. 19 We collapsed the four regional categories into one and excluded unknown stage. Thus, we modeled a four-level ordered categorical outcome. While many women with mammogram-detected in situ cancer will not go on to develop invasive breast cancer, we chose to include this stage in our outcome measure because of its strong association with screening mammography. Several studies have demonstrated that the incidence of in situ breast cancer has increased markedly since the adoption of screening mammography, 6, 20, 21 and cancers detected through screening are approximately twice as likely to be noninvasive as those reported in the general population. 22 Further, community-level mammography rates are positively associated with rates of in situ and local breast cancers. 6 Therefore, because stage at diagnosis is being used as a surrogate measure of mammography utilization in this study, it was particularly important to include in situ stage cases in our sample.
Latitude and longitude coordinates as well as census tract for breast cancer cases were obtained from ISCR. According to ISCR documentation for cancer cases in Cook County (in which Chicago is located) for the years 1986 to 2000, these geocodes reflect the home address for 94.2% of cases, centroid of the zip code plus four for 1.9% of cases, centroid of the zip code plus two for 0.3% of cases, and centroid of the five-digit zip code for 3.3% of cases.
Mammography facility locations The U.S. Food and Drug Administration (FDA) provided us with the addresses of all mammography facilities in Illinois that were FDA-certified in 1997. Using geographic information system (GIS) software, we address-matched facilities in the Chicago area to the U.S. Census Bureau 1995 TIGER/Line Files and identified those that were located in Chicago and within a 10-mile radius of the city border.
23, 24 These included Indiana as well as suburban facilities. We then calculated the street network distance from the residential address of each cancer case to each mammography facility. [24] [25] [26] We focused on the nearest five facilities to each case, rather than the nearest one, in order to account for both choice and constraints that exist in mammography facility availability to individuals; the nearest facility may not be the most desirable or accessible due to hours of operation, insurance requirements, location in relation to work, or other factors.
Spatial accessibility of mammography facilities Two measures evaluated the spatial accessibility of mammography facilities to each case: mean distance to the nearest five facilities (described above) and public transportation service in the facility neighborhoods. We obtained geographically referenced information on the locations of Chicago area bus and train lines from the Regional Transportation Authority (personal communication, A. Flintoff, April 1, 2004) . Because the acquired data files were from 2004 and files for the study period were not available, we modified the files based on historical data on public transit development in metropolitan Chicago. 27, 28 We found few changes, affecting less than 8% of the total bus lines and less than 3% of elevated and subway train stops.
We then used GIS to identify the lines (train and bus) and stops (train) within a 0.25-mile radius of each facility, which is commonly considered walking distance. 29 We measured transportation accessibility by counting the number of local and regional train lines and stops and the number of city or suburban bus lines. For each measure, we took the mean of the value across the nearest five facilities.
Facility neighborhood safety We used annual violent crime incidents to measure facility neighborhood safety. Crime data were aggregated from police incident reports for city locations and obtained from the Uniform Crime Reporting Systems of Illinois and Indiana for suburban and Indiana locations. [30] [31] [32] [33] We focused on homicide, robbery, aggravated assault, and sexual assault, as these were crimes for which there were data for both Chicago and non-Chicago locations. For each crime type and in alternate regression models, the number of incidents that occurred within a 0.5-mile radius of each facility quantified facility-area safety.
For non-Chicago locations, we had only the number of crimes reported in the town or village, rather than point locations. We estimated the number of crimes that occurred within a 0.5-mile radius of each suburban and Indiana facility using the proportion of the municipality's population residing in the census tract in which the facility was located. To estimate the level of crime activity in the period of time during which each case would have been deciding whether to utilize a particular mammography service, we averaged the number of crimes reported around each facility in the year before and year of her diagnosis. We then took the mean of the number across the nearest five facilities to each cancer case.
Facility neighborhood social similarity Hypothesizing that women would be more comfortable seeking services in neighborhoods socially similar to their own, we derived measures of facility neighborhood similarity using demographic and economic data from the 2000 US Census. 34 For these measures, census tracts were used as proxies for facility and case neighborhoods. We assigned each facility and each case to a category in each of three measures: proportion NHAA only population, proportion Hispanic population, and per capita income. We then constructed variables indicating the number of the nearest five facilities that were in the same category as the case. For race/ethnicity, the categories were less than 20%, 21-50%, 51-80%, and 81-100%. For per capita income, we calculated quartiles of the distribution among all Chicago census tracts in 2000.
Covariates To account for characteristics of cases that are known to affect stage at diagnosis and might be correlated with facility neighborhood characteristics (thus "confounding" the estimates of facility neighborhood effects on stage), we included several control variables in our regression models. These included the case's age, race/ethnicity, estimates of socioeconomic position and, in some models, the racial/ ethnic, economic, and crime characteristics of case neighborhoods.
To estimate case socioeconomic position, we used census-based estimates of poverty and educational attainment within specific subpopulations at the census tract level. Data came from the U.S. Census 2000 Summary File 3. 34 For each case, we assigned the poverty rate among women in her race-and-age group who were residing in her (residential) census tract. We used three age groups: 45-to-64, 65-to-74, and 75-and-older. For example, a 67-year-old Hispanic woman would be assigned the poverty rate among Hispanic women aged 65-to-74 in her census tract. The poverty rate measure can range from 0 to 1 and amounts to an estimate of the likelihood that the individual's family income was below the federal poverty level.
For educational attainment, we used the percent with a high-school diploma or more education and assigned to each case that percent among women in her race/ ethnic group. The education measure was not available at the level of gender-race-age group. Therefore, the 67-year-old Hispanic woman and a 45-year-old Hispanic woman living in the same census tract would both be assigned the high school diploma rate among Hispanic women in that tract. Thus, these measures are specific not to an area but to a specific subpopulation within an area. Because of substantial within-tract gender, race, and age-based heterogeneity in socioeconomic characteristics in Chicago, this use of group-specific estimates, rather than overall census tract values, reduces error in the measures when used to proxy individual socioeconomic position.
Analysis
We estimated associations between facility neighborhood characteristics and stage of breast cancer at diagnosis using the partial proportional odds (PPO) model. This model is derived from the generalized ordered logit model which allows relaxation of the parallel lines assumption of ordered logistic regression. 18 In the ordered logit, we would model the probability that breast cancer stage at diagnosis for case i is greater than stage m. That is,
where m the category of the ordinal dependent variable (in situ, local, regional or distant stage) J the number of categories (4).
This is equivalent to a series of binomial logistic regressions where categories of the dependent variable are combined. For m=1, in situ is contrasted with local, regional, and distant, combined. For m=2, in situ and local, together, are contrasted with regional and distant, and for m=3, in situ, local and regional, together, are contrasted with distant. A positive (β) coefficient in any of these regressions indicates that higher values on that variable increase the propensity of case i's cancer to be at a later (less favorable) stage at the time of diagnosis. 18 A negative (β) coefficient indicates that higher values on that variable increase the propensity of case i's cancer to be at the current or earlier stage at the time of diagnosis. For example, when m= 2, a negative coefficient estimate for age would indicate that increasing age raises the odds of diagnosis at the local or in situ stage.
Note that the βs shown in this equation are assumed to be the same across all comparisons, i.e., we are making the standard proportional odds assumption. 35 This assumption can be tested 36 and our analysis showed that one variable, age, violated the assumption. Thus, our model allows the coefficient for age to vary across levels of the outcome.
We fitted separate models to estimate the association of facility neighborhood accessibility, safety, and social and economic characteristics with stage. Through the addition of multiplicative interaction terms to the models, we also tested for interaction effects between age or race and facility area characteristics. In all models, we controlled for individual economic resources and educational attainment, using the estimates described above. Because age and race/ethnicity are correlated both with stage at diagnosis and with some of the facility area measures, we also included a race-age interaction term in all models to control for their combined effects on the outcome and avoid "confounding" of the facility measures. All analyses were conducted using Stata® version 10. Partial proportional odds models were estimated using the Gologit2 module.
18 Robust (sandwich) SE were estimated and accommodated non-independence within census tracts using Stata's cluster option. 35 
RESULTS
Characteristics of breast cancer cases and their nearby mammography facilities are presented in Table 1 . In 34% of the sample, the cancer had progressed beyond the local stage by the time of diagnosis. Mean street network distance from home to the nearest five mammography facilities was 2.1 miles. The facility neighborhoods were serviced by a mean of five bus, train, or subway lines but the range was quite broad, 1 to 35. Facility neighborhood crime rates also varied substantially, from 8 to 577 per year in all four categories combined.
Bivariate relationships between stage and each variable were tested using generalized ordered logit models. There were statistically significant differences in propensity toward later stage for race/ethnicity, age, case-neighborhood poverty, and high school diploma rates, and for facility-neighborhood transportation lines, crime (except robbery), racial/ethnic composition, and per capita income. Table 2 presents results of a model that contains case demographic variables only. For ease of discussion, we call this the base model. Age, income, and education are centered on their overall means. The top panel (in situ stage) shows estimates of the effects of each variable when the probability being modeled is diagnosis at any of the later stages (local, regional, or distant). The middle panel shows estimates of the effects of each variable when the probability being modeled is regional or distant stage diagnosis, and the bottom panel shows results when the probability modeled is distant stage diagnosis. Only the coefficient values for the main effect of age differ across the three panels since this was the only variable that did not meet the parallel lines assumption.
Results for the base model show that increasing age, fewer economic resources (i.e., higher poverty rate), and lower education are associated with greater propensity toward later stage diagnosis. In contrast, Hispanic ethnicity is associated with reduced propensity toward later stage diagnosis and the magnitude of this negative effect increases with age. While African American (NHAA) race has no statistically significant association with stage in this model, it should be noted that use of the centered age variable and the age interaction term means that the coefficient for NHAA refers to its effect when age is equal to 65. In a model in which age is not centered, the coefficient estimate for this variable is positive and statistically significant (not shown), indicating that the association between NHAA and stage is limited to younger ages. This finding is consistent with the results for the age-race/ethnicity interaction terms; the effect of age on later stage diagnosis depends on race/ethnicity. Age has a smaller positive association with stage among NHAA and Hispanic women than it does among NHW women. Finally, Table 2 shows that among NHW women, increasing age is associated principally with decreased likelihood of in situ stage diagnosis. This pattern of regression results for the main effect of age is almost identical across models. Therefore, in the interest of brevity, we present only the top panel in the remaining tables. Table 3 shows results for the spatial accessibility measures. Mean distance between residence and nearest five facilities has no effect on stage (model 1). For the public transportation service measures, the mean number of bus and train lines (model 2) was not associated with stage. We found the same results when we fitted models that examined the number of bus lines and train lines separately and when we used train stops rather than lines (not shown). Table 4 shows results for the crime measures. The coefficient estimates for all of the crime categories are positive, but most are small and not statistically significant. The exception is facility-neighborhood homicide; its effect is much larger than the other crimes and is statistically significant. Exponentiation of the homicide 
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Results for the social similarity measures are shown in Table 5 . Only the effect of similarity in neighborhood proportion Hispanic is statistically significant. The direction of the association is negative, indicating a reduced propensity toward later stage diagnosis. Proximity to an additional facility in a neighborhood with a similar proportion Hispanic population is associated with a 5% reduction in the odds of later stage disease. There were no statistically significant interactions between age or race and measures of facility-area spatial accessibility, crime, or social similarity.
DISCUSSION
Our objective in this exploratory study was to investigate whether stage of breast cancer at diagnosis among Chicago residents is associated with characteristics of the neighborhoods in which proximate mammography facilities are located. Those characteristics may influence likelihood of utilizing the service routinely and partly explain differences in stage at diagnosis. We investigated measures of spatial access and aspects of the social environment, specifically crime and social similarity. In general, we found few associations and none that were consistent across measures within the same construct. However, we found a few intriguing results that we think deserve further investigation.
We found that the homicide rate in nearby facility neighborhoods was positively associated with later stage diagnosis. Previous research on crime and health has found crime to be positively related to a variety of health outcomes including selfassessed health, [37] [38] [39] physical functioning, 39 coronary heart disease, 40 adherence to inhaled glucocorticoids, 41 health-related quality of life, 42 and adverse birth events. 43 Though of growing interest, prior research is inconsistent regarding the association between crime or perceptions of crime and the likelihood of engaging in physical activity. [44] [45] [46] [47] [48] The observed relationship between homicide and cancer stage is consistent with our supposition that crime surrounding mammography facilities is a deterrent to mammography utilization. We were unable to directly test this hypothesis, however, and other explanations are possible. For example, living in or near a high-crime area may increase stress. Ongoing research has begun to elucidate biochemical mechanisms underlying an association between stress and cancer progression. [49] [50] [51] Contrary to our findings on homicide, we found no relationship between stage at diagnosis and the number of robberies, aggravated assaults, or sexual assaults. There are several potential explanations, methodological and theoretical, for these seemingly contradictory results. A methodological explanation is that imprecision in the measurement of those crimes may have reduced the power of the model to detect an effect of those variables. 52 Homicide is virtually always reported, while robberies and assaults often go unreported. This is particularly true with regard to sexual assault, which often goes unreported due to the stigma attached to it, and aggravated assault, a substantial proportion of which occurs between domestic partners. While this measurement error in our crime data may have biased our coefficients either toward or away from the null, it will have resulted in reduced power. 52, 53 It is also possible that women have a greater perceived vulnerability to homicide than to the other crimes studied. Fear of and perceived vulnerability to crime is the assumed mechanism through which crime becomes a deterrent to mammography utilization. Area homicide may generate perceptions of vulnerability while robbery and assault do not because women are more aware of homicide than they are of other crimes in their own and surrounding neighborhoods. Homicide, much more so than other types of crime, tends to be reported in the media. Further, fear of and perceived vulnerability to crime has been found to be influenced by media coverage of crime. [54] [55] [56] [57] [58] [59] [60] Thus, media coverage of homicide but less often robbery and assault may result in a greater awareness of and perceived vulnerability to area homicide compared to those other crimes and partly explain our finding that only homicide was associated with later stage at diagnosis. Unfortunately, we are unable to test these ideas with our data.
Interestingly, we found that the effect of facility-area homicide on stage depended on the number of homicides in the 0.5-mile area surrounding the case's residence (not shown). The association of case-area homicide with stage was positive and twice as large as the facility-area effect. Further, the (positive) facility-area homicide effect on stage was diminished in the presence of case-area homicide. This finding suggests that homicide in a nearby facility area may be less of a deterrent to visiting that facility among women who have experienced homicide in their own neighborhood. This pattern is also intuitively consistent with a stress effect; we would expect that environmental stress-producing factors would have a greater effect the closer they are to home and that stress-producing factors in neighboring areas may have little added effect in the presence of home-neighborhood stress.
To test the sensitivity of our results to variations in the specification of nearby facilities, we recalculated all facility-area characteristics using the nearest three rather than nearest five facilities. We found substantively equivalent results in most models. The effect of homicide in the nearest three facility areas was reduced by 30%, however (β=0.036, p=0.08; OR=1.04, CI 95 1.00-1.08). It is not clear to us why the mean number of facility-area homicides was more powerfully associated with stage when the nearest five rather than nearest three facilities were considered. In relation to the case's home, the nearest five facilities generally encompass a larger area than do the nearest three facilities. It may be that compared to a smaller area that can be traversed more easily, a larger area of violence is a greater deterrent to mammography use or has other deleterious effects that impact stage at diagnosis.
Our finding that distance from home to nearby mammography facilities was not associated with stage at diagnosis diverges from the results of most but not all studies of the effects of geographic barriers on health care utilization. [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] Several studies have found that women who lived farther away from facilities were less likely to undergo mammography than those who lived closer to facilities. [72] [73] [74] [75] [76] Contrary to those results, a study of the relationship between distance or travel time and adherence to screening mammography recommendations in rural Michigan failed to find an association. 77 Expected generalizability of the results of this body of work to women living in large urban areas in the U.S. may be limited. Just two of the studies mentioned were conducted in the United States, both in rural areas.
73,77
The remainder were conducted elsewhere in populations with universal health coverage or in environments where mammography was offered free of charge and, with one exception, in mixed rural-urban regions. Intraurban variation in the spatial accessibility of mammography and other health care services and its effect on residents' utilization is not well understood. 78, 79 It may be that in the urban environment where distances are relatively short, most areas are accessible by public transportation and, often, the cost of public transit travel does not vary by distance, social environmental factors such as crime, and individual factors such as education and income are more important determinants of preventive services utilization.
Since we had no direct measure of mammography utilization in our study, we postulated that error in our surrogate measure (stage) could be responsible for the failure to find a distance effect. To explore this possibility, we fitted a logistic regression model in which the dichotomous outcome was diagnosis at the in situ versus all other stages. Since diagnosis of breast cancers at the in situ stage is largely attributable to screening mammography, we felt confident that these women had, in fact, undergone the exam. We found that distance to nearby facilities had no statistically significant association with early stage diagnosis (not shown).
Limitations of our study include lack of information on mammography utilization (both frequency and place of service) and on health insurance and other known determinants of utilization such as a regular source of care, receipt of a physician's recommendation, and car ownership. Our analysis is based on the assumption that women would frequent facilities close to home but women may also select facilities based on proximity to their workplace or other locations where they regularly spend time or travel (e.g., shopping center, church). Our study would also have benefited from information about additional aspects of mammography facilities that might influence willingness to travel to them such as hours of operation, capacity, and the provision of culturally and linguistically appropriate services. Stage is an imperfect measure of mammography utilization. Although most in situ breast cancers are detected through screening mammography, and women who undergo yearly mammography and develop breast cancer are unlikely to be diagnosed with a late stage cancer, there are other determinants of stage at diagnosis, including tumor aggressiveness and time delay between screening and diagnosis. While the census-based measures of case socioeconomic position that we employed were the best available to us, they limit our ability to make definitive statements about the role of the individual's income or education in influencing stage at diagnosis in this cohort of breast cancer cases. Finally, we had limited ability, due to collinearity among variables, to isolate the effects of facility area characteristics from those of case neighborhoods.
These limitations notwithstanding, ours is the first study of which we are aware to investigate associations between characteristics of the areas in which health care services are located and a health outcome among residents of nearby areas. Mammography facilities and stage of breast cancer at diagnosis is a particularly useful service-outcome pair for study since the outcome is directly related to utilization of the service. Strengths of our study include the use of residential street addresses to calculate distance from home to mammography facilities and use of data from multiple sources that, linked to the records of individuals, allowed us to characterize multiple aspects of the neighborhoods in which facilities likely to be utilized by those individuals are located.
This topic deserves further study. Improvements in breast cancer stage at diagnosis and survival depend to a substantial degree on greater screening mammography utilization. Explanations for why some women adhere to mammography screening recommendations and others do not is incomplete, yet there has been little attention paid to characteristics of the facilities themselves, such as location, that may affect use. Studies providing insight into factors affecting perceived threats to personal safety and the effects of those perceptions on willingness to utilize preventive care services would advance this line of research. Further research is also needed to better disentangle the effects of facility areas from those of residential areas when the two are spatially proximate to one another. There is a growing body of research on the effects of urban neighborhood characteristics on health where the focus is on the residential environment. The "spatial dynamics" of health, 80 however, may involve geographies beyond the immediate neighborhood. The results of our study suggest that areas in which the nearest mammography facilities are located may be one such geography. We hope that this study will spark research interest in the impact of health service locations on utilization.
